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%N ESTUDIOS PREVIOS DESARROLLADOS EN LA #ENTRAL .UCLEAR DE #OFRENTES 6ALENCIA	 SE 
HA OBSERVADO QUE LOS MICROORGANISMOS PRESENTES EN LAS AGUAS RADIACTIVAS DE LAS 
PISCINAS DE ALMACENAMIENTO DE COMBUSTIBLE NUCLEAR GASTADO SON CAPACES DE COLONIZAR 
LAS SUPERFICIES METÈLICAS DE LAS PAREDES Y CONDUCCIONES Y FORMAR BIOPELÓCULAS SOBRE 
ÏSTAS %STAS BIOPELÓCULAS RETIENEN LOS RADIONÞCLIDOS DE LAS AGUAS CONTRIBUYENDO A 
SU DESCONTAMINACIØN %N ESTE PROYECTO SE HA DISE×ADO UNA PLANTA PILOTO PARA LA 
BIODESCONTAMINACIØN DE LAS AGUAS RADIACTIVAS
!CTUALMENTE EL AGUA RADIACTIVA PROCEDENTE DE LAS PISCINAS DE COMBUSTIBLE SE HACE 
PASAR POR RESINAS DE INTERCAMBIO IØNICO QUE POSTERIORMENTE TIENEN QUE SER GESTIONADAS 
COMO RESIDUOS RADIACTIVOS %N ESTE PROYECTO AL AGUA SE LE HACE PASAR A TRAVÏS DE UN 
BIORREACTOR QUE CONTIENE OVILLOS DE ACERO INOXIDABLE SUSCEPTIBLES DE SER COLONIZADOS POR 
LOS MICROORGANISMOS EXISTENTES EN DICHAS AGUAS ! SU PASO POR EL BIORREACTOR EL AGUA 
ENTRA EN CONTACTO CON EL MATERIAL DEL OVILLO FORMÈNDOSE UNA BIOPELÓCULA QUE RETIENE 
LOS RADIONÞCLIDOS PRESENTES EN EL AGUA ,A BIOPELÓCULA ES FÈCILMENTE ELIMINADA POR 
CUALQUIER PROCEDIMIENTO CONVENCIONAL DE DESCONTAMINACIØN RADIOQUÓMICA DE MATERIALES 
Y LOS RADIONÞCLIDOS SE PUEDEN CONCENTRAR EN UN VOLUMEN PEQUE×O DE ELUYENTE PARA SU 
RECUPERACIØN DISPOSICIØN FINAL O CONTENCIØN ! CONTINUACIØN EL MATERIAL DEL BIORREACTOR 
PUEDE SER GESTIONADO COMO MATERIAL NO RADIACTIVO
).42/$5##)».
3HIPVYYLTLKPHJP}U JVUZPZ[L LULS\ZV
KL ZPZ[LTHZ IPVS}NPJVZ WHYH WYVK\JPY
Y\W[\YHZVJHTIPVZTVSLJ\SHYLZLUZ\Z
[HUJPHZ [}_PJHZ `V JVU[HTPUHU[LZ LU
Z\LSVZ HN\HZ ` HPYLWHYHNLULYHY JVT
W\LZ[VZKLIHQVVU\SVPTWHJ[VHTIPLU
[HS 3HZ IHJ[LYPHZ ZVU SVZ WYPUJPWHSLZ
TPJYVVYNHUPZTVZ LTWSLHKVZ LU LZ[VZ
WYVJLZVZ H\UX\L HSNHZ ` OVUNVZ [HT
IPtUYLZ\S[HULMPJHJLZ`[VKVZLSSVZW\L
KLULTWSLHYZL]P]VZT\LY[VZVPUJS\ZV
HSN\UVZKL Z\Z JVTWVULU[LZ JLS\SHYLZ
JVTVLUaPTHZWHYLKJLS\SHYL[J
(\UX\L SVZ YHKPVUJSPKVZUVW\LKLU
ZLYIPVKLNYHKHKVZSVZTPJYVVYNHUPZTVZ
W\LKLUPU[LYHJJPVUHYJVULSSVZKLMVYTH
KPYLJ[HV PUKPYLJ[H3HIPVYYLTLKPHJP}U
KLHN\HZJVU[HTPUHKHZJVUYLZPK\VZYH
KPHJ[P]VZKLWLUKLWYPUJPWHSTLU[LKL SH
JHWHJPKHKKL SVZTPJYVVYNHUPZTVZWHYH
ZVIYL]P]PYIHQVYHKPHJP}UWVYLSSVLZUL
JLZHYPVLSHPZSHTPLU[VLPKLU[PMPJHJP}UKL
LZWLJPLZ YLZPZ[LU[LZ SHZ J\HSLZW\LKLU
)N PREVIOUS STUDIES DEVELOPED IN #OFRENTES .UCLEAR 0OWER 0LANT 6ALENCIA 3PAIN	 HAS 
BEEN OBSERVED THAT THE MICROORGANISMS IN THE RADIOACTIVE WATERS OF THE SPENT NUCLEAR FUEL 
POOL ARE CAPABLE OF COLONIZING THE METALLIC SURFACES OF THE WALLS AND PIPES AND PERFORM 
BIOFILMS 4HESE BIOFILMS RETAIN THE NUCLIDES CONTRIBUTING TO DECONTAMINATE THE WATER )N 
THIS PROJECT CARRIED OUT IN #OFRENTES .UCLEAR 0OWER 0LANT A PILOT PLANT HAS BEEN DESIGNED 
FOR THE BIODECONTAMINATION OF THE RADIOACTIVE WATER
!T PRESENT THE RADIOACTIVE WATER COMING FROM THE SPENT NUCLEAR FUEL POOLS PASS THROUGH 
IONIC EXCHANGE RESINS !FTER THESE RESINS ARE MANAGED AS RADIOACTIVE WASTE )N THIS 
PROJECT THE WATER PASSES THROUGH A BIOREACTOR WITH STAINLESS STEEL BALLS CAPABLE OF BEING 
COLONIZED BY THE MICROORGANISMS IN THE WATER )NSIDE THE BIOREACTOR THE WATER GETS IN 
CONTACT WITH THE MATERIAL OF THE BALLS AND A BIOFILM WHICH RETAINS THE NUCLIDES IN THE 
WATER IS DEVELOPED 4HE BIOFILM IS EASILY REMOVED BY ANY CONVENTIONAL PROCEDURE OF 
RADIOCHEMICAL DECONTAMINATION OF MATERIALS AND THE NUCLIDES CAN BE COLLECTED IN A SMALL 
VOLUME FOR RECOVERY FINAL DISPOSITION OR CONTAINMENT ,ATER THE MATERIAL OF THE BIOREACTOR 
COULD BE MANAGED AS NOT RADIOACTIVE MATERIAL
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LZSPJLUJPHKVLU**8\xTPJHZWVYSH
<UP]LYZPKHKKL(SJHSmKL/LUHYLZ`
[PLULULS+PWSVTHKL,Z[\KPVZ(]HUaHKVZ
LULS+LWHY[HTLU[VKL0UNLUPLYxH
8\xTPJHKLSH<UP]LYZPKHK*VTWS\[LUZL
KL4HKYPK,UJVTPLUaHZ\
[YH`LJ[VYPHSHIVYHSLU0ILYKYVSHJVTV
QLMLKL*VU[YVS8\xTPJVKL:PZ[LTHZLU
SHJLU[YHSU\JSLHYKL*VMYLU[LZ,U
VJ\WHLSW\LZ[VKLQLMLKL6YNHUPaHJP}U
`-HJ[VYLZ/\THUVZ`LULSKLQLML
KL8\xTPJH`4LKPVHTIPLU[L+LZKL
LULYVKLLZLSQLMLKLSH<UPKHKKL
:VWVY[LHIHYJHUKVSHZVYNHUPaHJPVULZKL
8\xTPJH`4LKPVHTIPLU[L-VYTHJP}U
:LY]PJPVZKL7SHU[H:LY]PJPV4tKPJV`
:LN\YPKHK3HIVYHS
,Z[HWVULUJPHMVYTHWHY[LKLSH;LZPZ
+VJ[VYHSX\LLZ[mYLHSPaHUKVLULS
+LWHY[HTLU[VKL0UNLUPLYxH`*PLUJPH
KLSVZ4H[LYPHSLZKLSH,;:00KLSH
<UP]LYZPKHK7VSP[tJUPJHKL4HKYPK
JVKPYPNPKHWVY(UH4.HYJxH`+PLNV(
4VYLUV
LUJVU[YHYZLLU SHZWYVWPHZaVUHZJVU[H
TPUHKHZ(ZxZLOHKL[LJ[HKVHJ[P]PKHK
TPJYVIPHUH LU JLU[YHSLZU\JSLHYLZ ` LU
aVUHZKL HSTHJLUHTPLU[VKL YLZPK\VZ
YHKPHJ[P]VZ,ULZ[LWYV`LJ[V SHZWPZJP
UHZKLHSTHJLUHTPLU[VKLJVTI\Z[PISL
U\JSLHY NHZ[HKVOHU ZPKV SH M\LU[LKL
TPJYVVYNHUPZTVZ(WLZHYKL [YH[HYZL
KL HN\HZ YHKPHJ[P]HZ ` \S[YHW\YHZ WVY
SVZ [YH[HTPLU[VZKLKLZPVUPaHJP}UX\L
ZLHWSPJHUOHIP[\HSTLU[LLUSHZWPZJPUHZ
WHYHWYL]LUPY SH JVYYVZP}UTPJYVIPHUH
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ZLOHVIZLY]HKVLSKLZHYYVSSVKLTPJYV
VYNHUPZTVZ
,UNLULYHS LU SVZ WYVJLZVZKL IPV
YYLTLKPHJP}U ZLOHJVTWYVIHKVX\L SH
MVYTHJP}UKLIPVWLSxJ\SHZ PUJYLTLU[HKL
MVYTHJVUZPKLYHISL SHZ [HZHZKLLSPTPUH
JP}UKL JVU[HTPUHU[LZ3HZIPVWLSxJ\
SHZ ZVU JVUQ\U[VZKLTPJYVVYNHUPZTVZ
LTILIPKVZLU\UHTH[YPaL_VWVSPTtYPJH
KL VYPNLUTPJYVIPHUVX\L SVZTHU[PL
UL\UPKVZ Q\U[VJVUV[YHZZ\Z[HUJPHZKLS
TLKPVLUX\LZLLUJ\LU[YHU:\ MVYTH
JP}USLZWLYTP[LSHHKOLZP}UHZ\WLYMPJPLZ
` SLZ JVUMPLYLTH`VY YLZPZ[LUJPHH MHJ[V
YLZL_[LYUVZHK]LYZVZJVTV SH [V_PJPKHK
WYVK\JPKHWVY SH YHKPHJP}U4\JOVZKL
SVZTPJYVVYNHUPZTVZX\LJVUMVYTHU SHZ
IPVWLSxJ\SHZL_WLYPTLU[HUJHTIPVZLUZ\
TVYMVSVNxH`LZ[Y\J[\YHJLS\SHYX\LPTWP
KLUZ\JYLJPTPLU[VLUTLKPVZKLJ\S[P]V
LULS SHIVYH[VYPV:VUJVUVJPKVZ JVTV
]PHISLZWLYVUVJ\S[P]HISLZ=)5*`Z\
KL[LJJP}UL PKLU[PMPJHJP}UYLX\PLYL [tJUP
JHZKLIPVSVNxHTVSLJ\SHYPUKLWLUKPLU[LZ
KLJ\S[P]V3HTH`VYxHKLLZ[HZ [tJUPJHZ
ZLIHZHULUSHHTWSPMPJHJP}U[V[HSVWHYJPHS
KLSNLUX\LJVKPMPJHWHYH SH Z\I\UPKHK
S:KLS95(YPIVZ}TPJV S: Y+5(
,Z[LTHYJHKVYNLUt[PJVX\LLZ[mL]VS\
[P]HTLU[L JVUZLY]HKVWLYTP[LUV Z}SV
LZ[HISLJLYYLSHJPVULZLU[YL PUKP]PK\VZKL
SHTPZTHLZWLJPLZPUV[HTIPtULU[YLNY\
WVZ[H_VU}TPJVZZ\WLYPVYLZ
,ULZ[LWYV`LJ[VZLKLZHYYVSSH\UZPZ[L
THVUSPULKLIPVYYLTLKPHJP}UKLHN\HZ
YHKPHJ[P]HZX\LWLYTP[HZ\KLZJVU[HTP
UHJP}U [V[HSVWHYJPHSHWYV]LJOHUKV SHZ
WYVWPLKHKLZKLSHTPJYVMSVYHX\LZLKLZH
YYVSSHKLMVYTHUH[\YHSLUSHZWPZJPUHZKL
HSTHJLUHTPLU[VKLJVTI\Z[PISLU\JSLHY
NHZ[HKV MVYTHUKVIPVWLSxJ\SHZZVIYL SH
Z\WLYMPJPLKLTH[LYPHSLZTL[mSPJVZ3VZ
TH[LYPHSLZ LSLNPKVZ ZVUV]PSSVZKL HJL
YV PUV_PKHISL MmJPSTLU[LIPVLUZ\JPHISLZ
LZKLJPYX\LWLYTP[LU Z\ JVSVUPaHJP}U
` SH MVYTHJP}UKLIPVWLSxJ\SHZ ZVIYL Z\
Z\WLYMPJPL`KL SVZX\LW\LKLLSPTPUHYZL
LSTH[LYPHSIPVS}NPJV\UH]LaX\LOH`HU
KLZLTWL|HKVZ\M\UJP}U
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,SZPZ[LTHKLIPVYYLTLKPHJP}UKLHN\HZ
YHKPHJ[P]HZ ZL SSL]}HJHIVLULS LKPMPJPV
KLJVTI\Z[PISLKL SH*LU[YHS5\JSLHYKL
*VMYLU[LZ LULS ZPZ[LTHKL SPTWPLaHKL
SHZWPZJPUHZKLJVTI\Z[PISLNHZ[HKV*VU
JYL[HTLU[LSHWSHU[HWPSV[VZL\IPJ}LU[YL
SHHZWPYHJP}U` SHKLZJHYNHKL SHZIVTIHZ
KLLZ[LZPZ[LTHHN\HZHYYPIHKL SVZ MPS[YVZ
KLZTPULYHSPaHKVYLZMPN\YHS7YL]PVH\UV
KLSVZIPVYYLHJ[VYLZZLPUZ[HS}\UHSmTWH
YHKL S\a\S[YH]PVSL[H <=JVULS MPUKL
KL[LYTPUHYSHYLZPZ[LUJPHKLSVZTPJYVVYNH
UPZTVZ` J}TVHMLJ[HYxHLZ[LMHJ[VYL_[LYUV
HSKLZHYYVSSVKLSHZIPVWLSxJ\SHZ
,Z[HWSHU[HWPSV[VJVUZ[HKLKVZIPVYYLHJ
[VYLZLUJ\`VPU[LYPVYZLPU[YVK\JLUZLUKVZ
IHZ[PKVYLZMPN\YHKVUKLZLJVSVJHUSVZ
V]PSSVZKLHJLYVPUV_PKHISL<UH]LaLQLJ\
[HKHSH PUZ[HSHJP}U`YLHSPaHKH\UHWY\LIH
OPKYVZ[m[PJHWHYHHZLN\YHYSHLZ[HUX\LPKHK
KLSZPZ[LTHZLW\ZVLUM\UJPVUHTPLU[VJVU
\UJH\KHSKLS3TPU\[V
,S ZPZ[LTHLZ[\]VLU M\UJPVUHTPLU[V
KxHZ" JHKHKVZTLZLZ HWYV_PTHKH
TLU[L ZL M\LYVU L_[YH`LUKV SVZV]PSSVZ
KL JHKHIPVYYLHJ[VY JVU LS MPUKL LZ[\
KPHY[HU[VSHMVYTHJP}UKLSHZIPVWLSxJ\
SHZJVTV SHHJ[P]PKHK PZV[}WPJH YL[LUPKH
LULSSHZ3HZTLKPKHZ YHKPVX\xTPJHZKL
SVZTH[LYPHSLZL_[YHxKVZKL SVZIPVYYLHJ
[VYLZHZxJVTVSHWYLWHYHJP}UKLT\LZ
[YHZX\LZL\[PSPaHYVUWHYH SHL_[YHJJP}U
KL+5(`TPJYVZJVWxH ZL YLHSPaHYVU
LULS3HIVYH[VYPVKL9HKPVX\xTPJHKL
SH*LU[YHS5\JSLHY KL*VMYLU[LZ =H
SLUJPH3H JSVUHJP}UKLIHJ[LYPHZ ` SH
4PJYVZJVWxH ,SLJ[Y}UPJH KL )HYYPKV
:,4ZLSSL]HYVUHJHIVLULS3HIVYH
[VYPVKL)PVKL[LYPVYVKLSH,;:00KLSH
<UP]LYZPKHK7VSP[tJUPJHKL4HKYPK
,SLZ[\KPVKLSHZIPVWLSxJ\SHZTLKPHU
[L4PJYVZJVWxH,SLJ[Y}UPJHKL)HYYPKV
OHW\LZ[VKLTHUPMPLZ[VX\L SVZTPJYV
VYNHUPZTVZWYLZLU[LZLULS HN\HKL SHZ
WPZJPUHZKLJVTI\Z[PISLU\JSLHYNHZ[HKV
ZVU JHWHJLZ KL KLZHYYVSSHYZL ZVIYL SH
Z\WLYMPJPL KLS HJLYV PUV_PKHISL KL SVZ
V]PSSVZ5V ZLVIZLY]HYVU HWLUHZKPML
YLUJPHZ LU[YL SVZV]PSSVZKLSIPVYYLHJ[VY
 VJVU[YVS`LSIPVYYLHJ[VY S JVU SmT
WHYH<=(STLZZLVIZLY]HUWLX\L|HZ
JVSVUPHZTPJYVIPHUHZZVIYL SH Z\WLYMPJPL
KLSTH[LYPHSX\L]HUKLZHYYVSSmUKVZL`HS
JHIVKL[YLZTLZLZHWHYLJLUJVULJ[HKHZ
LU[YLZxWVYZ\Z[HUJPHZWVSPTtYPJHZL_[YH
JLS\SHYLZ YLZWVUZHISLZKL SHLZ[Y\J[\YH`
KLT\JOHZKL SHZWYVWPLKHKLZKL SHZIPV
WLSxJ\SHZ(WHY[PYKLLU[VUJLZLTWPLaHUH
YL[LULYYHKPVUJSPKVZWYLZLU[LZLULSHN\H
JVU[YPI\`LUKVHZ\IPVKLZJVU[HTPUHJP}U
( SVZZLPZTLZLZZLVIZLY]H\UHIPVWLSx
J\SHTHK\YHLUSVZV]PSSVZZ\TLYNPKVZLU
HTIVZIPVYYLHJ[VYLZ;YHZX\PUJLTLZLZ
SVZLZ[\KPVZTPJYVZJ}WPJVZT\LZ[YHUX\LSH
IPVWLSxJ\SHLZ[mLU]LQLJPLUKV,USHL_[YHJ
JP}UKLV]PSSVZLMLJ[\HKHKLZW\tZKLKPLJP
U\L]L`]LPU[PUTLZLZHWLUHZZLHWYLJPHU
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JtS\SHZTPJYVIPHUHZZVIYLSHZ\WLYMPJPLKLS
TH[LYPHSX\LHWHYLJLSPNLYHTLU[LJVYYVxKV
VIZLY]mUKVZLHZPTPZTVSHWtYKPKHKLHJ[P
]PKHKPZV[}WPJHLUSVZV]PSSVZMPN\YH
3HKL[LYTPUHJP}UKLSHYHKPVHJ[P]PKHK
HJ\T\SHKHWVYSHZIPVWLSxJ\SHZHSVSHYNV
KLS [PLTWV ZL YLHSPa}TLKPHU[L LZWLJ
[YVTL[YxHNHTTH5VZLOHUVIZLY]HKV
KPMLYLUJPHZ ZPNUPMPJH[P]HZ LUJ\HU[VH SH
YHKPHJ[P]PKHKHJ\T\SHKHWVY SVZV]PSSVZ
KLSIPVYYLHJ[VY S `H\UX\LLUNLULYHS
OHUZPKVSPNLYHTLU[LTH`VYLZLULSTH[L
YPHSKLSIPVYYLHJ[VY,Z[HYHKPHJ[P]PKHK
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